Background: Serum uric acid (SUA) has been correlated with cardiac morbidity and mortality. However, its prognostic value in acute ST-segment elevation myocardial infarction (STEMI) is still uncertain. The aim of this study was to evaluate the prognostic value of SUA on admission in patients with STEMI undergoing primary percutaneous coronary intervention (PPCI). Methods: We prospectively enrolled 150 STEMI patients underwent PPCI. The mean age of the studied population was 56.1 years, 78% were males while 22% were females. Patients were divided into tertiles based on the basal serum uric acid level. Patients with high SUA (n = 72) was defined as a value in the third tertile (>6.4 mg/dl), and a low SUA group (n = 78) was set as a value in the lower two tertiles (<6.4 mg/dl). Clinical characteristics, angiographic findings, echocardiographic data, in-hospital and three-month outcomes of PPCI were analyzed. Results: SUA level on admission carried prognostic value in patients with STEMI undergoing PPCI where the low uric acid group had better KILLIP class (P = 0.001), better TIMI flow (P = 0.001), higher ejection fraction (49.53 ± 8.75 versus 39.95 ± 7.06; P = 0.001), better survival and lower incidence of other major adverse cardiac events (MACE) (P = 0.01) during the hospital stay and three months follow up than the high uric acid group. Age, SUA > 6 mg/dl, TIMI flow, Killip class and EF < 40% were independent predictors for MACE in such patients. Conclusions: High SUA level on admission was associated with higher frequency of in-hospital and three months follow up MACE in patients with acute STEMI undergoing PPCI.
Introduction
ST-elevation myocardial infarction (STEMI) is an acute medical emergency that requires care coordination to achieve myocardial reperfusion as early as possible. [1] .
PPCI is defined as percutaneous catheter intervention in the setting of STEMI, without previous fibrinolysis. Primary PCI has replaced fibrinolysis to be the preferred reperfusion strategy in STEMI patients, if it can be done in time and in a high-volume PCI center [1] [2] .
Several studies suggested a possible association between elevated serum uric acid level and prognosis in patients with acute coronary syndromes in spite of that the role of uric acid as a risk factor or a risk marker for cardiovascular disease is still an issue of debate [3] .
The mechanism by which uric acid can cause cardiovascular disease is still uncertain but it has been explored using cell culture and animal models. It seems that uric acid has to enter the endothelial cells as well as the vascular smooth muscle cells through a specific organic anion exchanger, where it activates intracellular signaling molecules which in turn activate inflammation and proliferation. In the endothelial cells, uric acid decreases nitric oxide levels and it also inhibits endothelial proliferation, whereas in vascular smooth muscle cells, uric acid activates inflammatory and proliferative pathways [4] [5] .
This work was designed to investigate the predictive role of serum uric acid level on admission and short term (in hospital and three months follow up) major adverse cardiovascular events as well as its relation to Killip classification, TIMI flow and LV function in patients with acute STEMI undergoing primary percutaneous coronary intervention (PPCI).
Methodology
This study was a prospective study, included 150 patients who had STEMI and underwent PPCI from the beginning of March 2017 till end of December 2017.
All the included patients presented STEMI and were eligible for primary PCI within the first 24 hours of chest pain at its maximum intensity but patients with Acute inflammatory states, Known malignancies, Kidney disease or Patients with previous PCI or CABG and Patients who are known to have RHD or congenital heart disease were excluded from the study. 1) Full history taking: including age, sex, history of DM, HTN, smoking, and dyslipidemia, also to assess the onset of chest pain and time to reperfusion. 3) Physical examination:
All Patients Were Subjected to
-General examination including intra-procedural blood pressure and heart rate assessment.
-Cardiac examination to detect signs of heart failure.
-Chest examination: to define Killip score as following [6] .
Killip I: No evidence of heart failure.
Killip II: Rales up to half of lung fields or S3 gallop.
Killip III: Frank pulmonary oedema and systolic blood pressure > 90 mmhg.
Killip IV: cardiogenic shock and pulmonary oedema.
4) Coronary angiography and primary PCI: were done by an interventional
cardiologist.
-After the procedure TIMI flow of the culprit vessel after PCI was reported as following:
TIMI 0: complete occlusion.
TIMI 1: penetration of obstruction by contrast but no distal perfusion.
TIMI 2: perfusion of entire artery but with delayed flow. TIMI 3: full perfusion and normal flow.
5) Collect baseline venous blood samples:
For assessment of haemoglobin (HB) level, serum creatinine and electrolytes.
on admission SUA level was assessed using photometer 5010 device and SPINREACT kits.
6) Echocardiography:
All patients were examined by transthoracic 2D echocardiography within 24 hour of admission using GE VIVDE S5 ultrasound system device by a trained echocardiographer to assess left ventricular ejection fraction by the biplane method.
7) Follow up:
Follow up of the patient after three months from PPCI to assess morbidity and mortality due to major adverse cardiovascular events.
Follow-up data were obtained from hospital records or by interviewing (in person or by telephone) patients, family members, or primary care physician.
Ethical Considerations
Ethical approval:
An approval for the study is obtained from the ethical committee in our university.
Risk-benefit assessment:
There is no risk affecting the patient in this study. World Journal of Cardiovascular Diseases
Confidentiality:
Any data taken from the patient either from history, examination or investigations dealt with in a confidential manner.
Research statement:
Every patient was informed about the nature and steps of the study.
Informed consent:
Written consent was obtained from each patient participating in the study.
Statistical Analysis
Data was collected and analyzed those using SPSS (Statistical Package for the So- Regarding TIMI flow after PCI, the majority of the studied population precisely 108 patients (72%) had TIMI III flow after PCI versus 32 patients and 10 patients had TIMI II and TIMI I flow respectively. None of the studied population had TIMI 0 flow after PCI. Echocardiography was done to all studied patients after PCI. The mean EF of all patients was 44.49%
Results

Descriptive Data of the Study Population
Baseline Laboratory Data in All Patients:
A blood sample was collected from the studied population on admission. The mean hemoglobin level was 13.01 gram/dl, the mean serum urea was6.9 mg/dl and the mean serum creatinine was 0.84 mg/dl.
The mean random blood sugar was 180 mg/dl and the mean serum CK and CKMB was 2187 U/L and 213 U/L respectively.
The mean serum uric acid level in all studied population was 6.49 mg/dl. Short Term (in Hospital and Three Months) Follow Up: Also, other adverse events as advanced heart failure were noticed in 16 patients (10.6%) and GIT bleeding in 4 patients (2.7%).
Comparison between High SUA Group and Low SUA Group
The 150 Patients included in the study were divided into tertiles based on the basal serum uric acid level. Patients with high SUA (n = 72) was defined as a value in the third tertile (>6.4 mg/dl), and a low SUA group (n = 78) was set as a value in the lower two tertiles (<6.4 mg/dl).
Demographic Data of Studied Groups: In the other demographic data shown at Table 2 , with exception of age (that was significantly high in those patients with high SUA), demographic data had no significant differences between both groups (P > 0.05). 
Clinical Data and ECG Findings in Studied Groups:
Clinical data and ECG findings in studied groups showed that the duration of symptoms was significantly prolonged in those who high SUA (6.5 (1.51) versus 5.06 (2.87) hour; P = 0.02) ( Table 3) .
Anterior MI was the major findings in all patients, where 55.1% of patients from those with high SUA and 50% of those with low SUA had anterior MI. Regarding the site of MI, there was no significant differences between both groups (P = 0.26).
We found that 93.6% of patients with low SUA were Killip class I and 6.4% of patients were Killip class II while 56.9%, 30.6%, 8.3% and 4.2% of patients with high SUA were Killip I, II, III and IV respectively (P = 0.00).
Baseline Laboratory Data in Both Studied Groups: Table 4 shows the baseline laboratory data of studied patients. There were no significant differences between both groups regarding hemoglobin level, and random blood sugar (P = 0.98, and 0.91 respectively). Patients with high SUA had significantly higher creatinine, urea, CK and CKMB in comparison to those with low SUA (P = 0.01, 0.02, 0.03 and 0.01 respectively).
Angiographic Findings and Ejection Fraction in Both Studied Groups: Table 5 shows the angiographic findings and ejection fraction in both studied groups. LAD was the most frequently affected artery (60.3% and 55.6% respectively) in both groups followed by RCA (30.8% and 27.8% respectively) and LCx (9% and 16.7% respectively).
TIMI flow was significantly better in those patients with low SUA where 93.6% of patients with low SUA had TIMI III flow versus 48.6% of patients with high SUA had TIMI III flow. Twenty seven percent of patients with high SUA had TIMI II flow versus only 6.4% of patients with low uric acid had TIMI II flow. Also, 13.9% of patients with high SUA had TIMI I flow while none of patients with low SUA had TIMI 1 flow. There were no patients in our study had final TIMI 0 flow after PCI.
Patients with low SUA had significantly higher ejection fraction in comparison to those with high SUA (49.53 ± 8.75 versus 39.95 ± 7.06; P = 0.00). Short Term (in Hospital and Three Months) Follow Up: Table 6 shows short term (in hospital and three months) follow up in the current study. MACE (cardiovascular mortality, reinfarction, target-vessel revascularization) was significantly higher in those patients with high UA (16.7%) in comparison to those with low UA (P = 0.01). World Journal of Cardiovascular Diseases Also, other adverse events as advanced heart failure were significantly higher in those patients with high SUA. It was noticed that stroke, GIT bleeding and blood transfusion had no significant differences between both groups.
Diagnostic Accuracy of Serum UA in Prediction of MACE Patients with Acute STEMI Undergoing PPCI
For prediction of MACE in patients with acute STEMI undergoing PPCI, SUA at a cutoff point > 6 mg/dl had 71.4% sensitivity and 70.3% specificity with area under the curve was 0.73 as illustrated in Table 7 and Figure 1 .
Survival Analysis in the Current Study (3 Months Follow Up)
Kaplan Meier survival analysis ( Figure 2) showed that median and mean survival of patients with low SUA was 54 and 60 days respectively and this was significantly longer than median and mean of patients with high SUA (45 and 54 days respectively; P = 0.02). 
Multivariate Regression Analysis for Prediction of MACE in Patients with Acute STEMI Undergoing PPCI
Discussion
There are both clinical and experimental evidences supporting the presence of a relationship between high SUA levels and chronic kidney disease, hypertension, metabolic diseases as well as cardiovascular diseases [7] . The negative effects of increased SUA levels have been confirmed also in patients with preexisting cardiovascular diseases including coronary artery disease, heart failure and atrial fibrillation [8] .
This study aimed to evaluate the prognostic value of SUA on admission and its relation to the outcome in patients with STEMI undergoing PPCI which is the standard treatment strategy in such conditions. We found that on admission SUA level carries a significant predictive value regarding the prognosis in patients with STEMI undergoing primary PCI as the low uric acid group had a better KILLIP class (P value = 0.00), better TIMI flow after stenting (P value = 0.00), higher ejection fraction (P value = 0.00) and a lower incidence of MACE during the hospital stay and three months follow up (P value = 0.01) in comparison to the high uric acid group.
In our study 93.6% of patients with low SUA were Killip No-reflow was defined as TIMI Grade 0, 1 and 2 flows (group 1). Angiographic success was defined as TIMI 3 flow (group 2). A uric acid level ≥ 5.4 mg/dl measured on admission had a 77% sensitivity and 70% specificity in predicting no-reflow at ROC curve analysis, and they concluded that Plasma uric acid level on admission is a strong and independent predictor of poor coronary blood flow following primary PCI (P value = 0.006) [11] .
In our study, it was clear that patients in the low uric acid group had better LV ejection fraction after PCI (49.53 ± 8.75) in comparison to those with high uric acid (39.95 ± 7.06) (P value = 0.00) and that explains the higher incidence of readmission with heart failure in the high uric acid group during the follow up period.
Data reported by Lazzeri et al. strongly suggest that in the acute phase of STEMI patients submitted to primary PCI, uric acid had a prognostic role for in-hospital mortality as well as expected LV ejection fraction. The patients with increased SUA on admission had a lower LV ejection fraction as the mean LV ejection fraction in those patients were 40% versus 45% in the low SUA group and that was statistically significant (P < 0.001) [12] .
Akgul et al. reported that incidence of heart failure with reduced ejection fraction (HFREF) (LVEF < 40%) was significantlly higher in the high uric acid group as 30% of the patients with high uric acid versus 15% of patients with low uric acid had LVEF < 40% (P value = 0.001) and this is similar to our results [9] .
These results are also compatible with another meta-analysis published by Huang et al. which supports an association between SUA and incident HF, as well as adverse outcome even in patients with established diagnosis of HF [13] .
In the current study, we found a strong association between SUA levels on admission and short-term outcomes in patients with STEMI undergoing primary PCI. It was noticed that the incidences of reinfarction, heart failure, and the total all cause cardiovascular mortality were significantly higher in the high SUA group than in the low SUA group (P value = 0.01).
Other adverse events as advanced heart failure and inotropic agent usage were significantly higher in those patients with high SUA. It was noticed that stroke, GIT bleeding and blood transfusion had no significant differences between both groups. Kojima et al. studied 1124 consecutive patients who were admitted with acute STEMI; he reported that mortality in patients whose SUA levels were in the highest quartile was significantly higher than in those whose SUA levels were in the lowest quartile [14] Lazzeri et al. demonstrated that a high UA level was an independent predictor of in hospital mortality in patients with STEMI who underwent primary PCI, contrary to this study [15] .
In another study with a larger patient population with STEMI published also by Lazzeri et al. showed that the SUA level predicted the occurrence of compli-cations in the intensive care unit, but not early mortality [16] .
Akpek et al. reported that there was not only a significant relationship between baseline SUA levels and impaired coronary flow but also with in-hospital MACE [11] .
Kowalczyk et al. reported that elevated SUA levels predicted the short-term and long-term mortality in patients with acute myocardial infarction and impaired renal function treated with PCI regardless of the degree of renal dysfunction. In our study, the high SUA group showed a significantly higher creatinine values in spite of being within normal ranges in both studied groups (P value = 0.01) [17] .
Recently, Li et al. found rather similar results when they investigated 673 patients with acute STEMI treated by primary PCI. Patients were divided into high SUA level group (N = 168) and low SUA level group (N = 505) according to the SUA levels on admission where SUA more than 6 mg/dl was considered high in all subjects. They concluded that the incidences of postoperative angina pectoris, heart failure, and the total adverse cardiovascular events were significantly higher in the high SUA than in the low SUA group [18] .
But in contrast to our study the incidence of death was similar between the two groups, and that may be due to the relatively lower cut off point for hyperurecimia which was 6 mg/dl in their study while we compared the two groups according to a SUA of 6.4 mg/dl (the value in the third tertile).
A second important explanation is that their study focused only on the elderly population, as they included only the patients who were 60 years old or older and that might lead to a relatively higher mortality in both groups.
It is worth to be mentioned in that context that we found that the high uric acid group was generally older than the low uric acid group as the mean age of the high uric acid group was 58.28 years versus 54.09 years for the low uric acid group and that was statistically significant (P value = 0.02).
Although all the previous studies have shown SUA could be a marker of adverse prognosis in patients with STEMI, this issue has some controversy about it.
Homayounfar et al. concluded that SUA was not an independent prognostic marker for in hospital mortality after AMI. In fact this study was a case-control study included only 59 patients who died during hospital admission and 104 patients randomly selected from the discharged patients to be the control group.
They found no evidence of statistically significant relation between hyperuricemia and in hospital mortality. In this study, the type of AMI was neglected (weather it is STEMI or NSTEMI) and it also didn't consider the management protocol as not all patients underwent primary PCI as a management protocol.
They also didn't follow up the control group after discharge for mortality and other MACE [19] .
Hajizadeh et al. also concluded that In spite of that high SUA level was associated with lower LVEF, higher Killip class and AF, elevated cTnI, creatinine, and triglyceride level, the high SUA level in patients with acute MI was not asso- ciated with higher in-hospital or midterm mortality rate. In this study the High SUA level was defined as more than 8 mg/dL in men and more than 7.5 mg/dL in women which is much more than the cutoff point for hyperuricemia in most literatures. It also included a generally older population than our population as the mean age for all population in the study, in years, was 62.6 ± 13.4 SD versus 56.10 ± 11.17 in our study, and that is expected to increase the mortality in all groups without discrimination [20] .
Another important thing is that we noticed that the time delay from the onset of symptoms to PCI was significantly longer in the high uric acid group mean time delay was 6.5 hrs versus only 5.06 hrs for the low uric acid group (P value = 0.02) in contrast to all the previous studies as Li et al. [18] where the time delay was 4.93 hrs and 4.79 hrs for the high and low uric acid groups respectively, and this carried no significant statistical difference between the two groups.
This may be due to lack of general knowledge concerning acute coronary syndromes and the differentiation of typical chest pain and seeking urgent medical advice in such situations in our local community, and this should draws our attention to the urgent need to increase the public awareness about acute coronary syndromes and to improve the public health education programs to minimize the patient delay as much as possible.
Conclusion
We found that on admission SUA level carries a significant predictive value regarding the prognosis in patients with STEMI undergoing primary PCI as the low uric acid group had a better KILLIP class, better TIMI flow after stenting, higher ejection fraction and better survival besides lower incidence of other MACE during the hospital stay and three months follow up in comparison to the high uric acid group.
Limitations
Some limitations of our study should be declared. This study was a single-center study. A larger study with more female patients may be more informative.
We did not evaluate the B-type natriuretic peptide, the high-sensitivity C-reactive protein, other pro-inflammatory cytokines, or markers of oxidative stress. In spite of that we adjusted multiple risk factors, residual conditions or medications may have been present so another confirmatory sample in the follow up could be more informative.
Because of the limited number of patients receiving antihyperuricemic therapy, we didn't evaluate the effect of antihyperuricemic treatment on the prognosis and based on our results, this could be a subject for future research.
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